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INTRODUCTION 
Area and location 
The Gezira is an area of land, a part of the D2mocratic 
Republic of the Sudan, which lies between the Blue Nile and the 
White Nile. The area extends in a triangular shape from the junction 
of the two Niles at Khartoum on the north to the city of Sennar on 
the south (Figure 1). The area of this extremely flat plain is 
approximately two million hectares, one million of which are 
irrigable. It is considered the largest farm under one management 
in the world (Barbour, 1961). 
The main cash crop in the scheme is long-staple cotton with 
minor crops of wheat, peanuts, dura (Sorghum vulgare), lubia 
(Delichus lablab) and phillipesera (Phaseolus trilobus). 
Historical background 
The idea of developing the scheme by gravity irrigation 
followed publication of the Report on the Nile by Sir W. Garstin 
in 1904 (unpublished). This report was followed by extensive studies 
of all problems involved. In the years 1910 and 1911 cotton was 
planted on an experimental scale at Tayiba and was irrigated by pumps. 
In 1913, after cotton production proved successful at Tayiba, 
construction of a dam at Sennar was begun. Its construction was 
delayed by the outbreak of World War I, and was not finished until 
1925. In 1950 the Scheme became nationalized and the Sudan Gezira 
Board was set up to operate the project. 
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Figure I. The location of the Gezira Scheme. 
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Before the Scheme was begun the semi-nomadic tribes of this 
area lived a traditional life. The organization of the Scheme 
forced these nomadic people to move southward and was the beginning 
of sociological and natural resource problems that have intensified 
up to the present time. 
The present total area of land included in the Scheme is 
approximately: 
Gezira 
Managil Extension. 
Total 
462,161.28 hectares 
326,891.28 hectares 
789,052.56 hectares 
The Gezira Scheme is divided into 12 units and 102 blocks 
(47 in the Gezira and 55 in the Managil scheme extension) (Figure 1). 
It is a unique socio-economic project combining partnership and 
cooperative, a blend of private enterprise and state ownership, 
and a remarkable example of cooperation between three partners: 
the tenants, the government and the Gezira Board (the administrative 
body). It is an interesting arrangement of collectivism and a 
unique interweaving of both collectivism and individualism. 
The Government provides the land and looks after its irrigation, 
the tenants undertake the production of crops, and the Gezira Board, 
which is the overal coordinator and manager, attends to the financing 
and purchase of crops, supplies, the necessary fertilizers, and 
bailing forage crops. 
Income distribution 
Cotton is the only crop which disburses part as its income to 
the Government. All the other crops (peanuts, wheat, and lubia) 
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belong strictly to the tenants. The gross proceeds from cotton seeds 
are subjected to deductions of joint account charges (i.e. sowing 
seeds, fertilizer, spraying cotton, transportation, picking, etc.). 
The net proceeds of the cotton are then distributed as follows: 
36 percent to the Government 
50 percent to the tenant 
2 percent to the local Government Councils 
2 percent to the Social Development Department 
10 percent to the Sudan Gezira Board 
Integration of livestock 
The historical background related to the start of the Gezira 
Scheme as a connnercial project for the production of cotton played 
an important part in the development of the present day critical 
situation. Early planners paid little or no attention to the 
importance of livestock in the Scheme. Hence, integration of 
animals was not planned for in a scientific way. The effect of that 
early mistake has been realized year after year until presently it 
is reflected in a serious situation of animal malnutrition and 
forage shortage (Figure 2). 
The need for integration and improve~ent of forage production 
is important for at least the following reasons: 
(1) The animal protein that can potentially be produced 
on the Scheme is essential for the well-being of the 
people if they are to be healthy and productive. 
Figure 2. Cattle on tile maln 
during dry season 
canal Jurlng growing season 
(below). 
(;Jbov c) :rn<l 
(2) The full utilization of land is never complete without 
the raising of livestock to better utilize the crop 
residues, which are otherwise difficult to dispose of. 
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(3) Mixed farming, which is a combination of crop production 
and animal production, is currently becoming a popular 
practice in the world, and the Gezira, with its present 
resources and facilities could use this method of 
farming with great efficiency. 
(4) The experience of the early 1930's demonstrates the 
flucation in cotton prices and yields. Raising livestock 
would help to insure a cash crop, and help to prevent 
the repetition of such an economic disaster (Culwick, 1951). 
(5) Raising livestock is a good way to increase the tenants 
standard of living and thus create a stable community 
that would not be seriously affected by the fluctuations 
in cotton yield and prices. 
Animal integration and diversification of farming are more 
necessary in the Gezira Scheme than ever before. Because the 
organization of the Scheme is fairly young and able to change to 
meet the needs of the changing environment, there is a great 
possibility that this alternative will be incorporated into the 
organization of the Gezira Scheme. 
Ferguson (1952) reported: 
"There are large numbers of livestock in the Gezira, 
mainly goats, cattle, and sheep. Apart from the few bulls 
used for ploughing, the livestock here have no part in the 
Scheme itself. They are still herded in large herds as 
they were before the Scheme started and ranged over 
fallows and canal banks. It is considered by many that the 
next step in development should be the introducti~n of a 
form of mixed husbandry on individual and cooperative 
basis". 
Ibrahim and Osmma (unpublished data) reported that: 
"It is rather strange to know that the.re are some 
areas in the Gezira where milk is not available. Some-
bimes powdered milk is importam;ed from outside the 
Sudan". 
They also calculated the average amount of meat consumed per 
capita as follows: The ~verage animal units consumed yearly was 
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1.2 animal units. They assumed that familites consisted of five 
persons and an animal units it 150 kg of dressed carcass. Then the 
average amount of meat consumed was l.2xl50 = 0.10 kg per capita/day. 
5x365 
In sunnnary, the diversification of farming and animal integration 
is very important and necessary in the Gezira Scheme. 
ECOLOGICAL DESCRIPTION OF THE GEZIRA SCHEME 
Climate 
Rainfall. The average rainfall in the Gezira Scheme is about 
200 mm per year in the north and 5000 nnn per year in the south 
(Figure 3). 
Temperature and relative humidity. Average temperature and 
relative humidity recorded at Barakat, Gezira Scheme headquarters, 
is shown in Figure 4. 
Soil 
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The soil is a very heavy clay ranging from 40 to 60 percent clay 
(particles less than 0.002 mm) and is very slow in permeability. 
Exchangeable sodium ranges to 35 percent or more in the upper 60 cm 
and pH values range between 5.0 and 9.6 (Ayed, 1968). Under the present 
management satisfactory yields of long staple cotton are obtained. 
It is suspected that soil characteristic such as the craking type of 
clay, high exchangeable sodium, and the hot, dry climate of Sudan 
influence soil structure and water availability and thus the yields 
C 
of ctton (Joseph, 1925). 
The soil is also low in content of nitrogen and humus (Green and 
Peto, 1928). Sulphates of soidlll!l and calcium are present in the soil 
and although the irrigation water is of good quality it brings appreci-
able amounts of sodium salts on the land (Robinson, 1971). Practically 
none of this introduced material is washed from the soil by drainage 
and presumably the continued introcution of sodium salts will, in 
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Figure 3. The annual overage of Rainfall (m.m.) in three sections (north, central 
and south) of the Gezira Scheme (data from Gezira Board - Barakat). 
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the course of time, accumulate in the soil and hinder crop growth, 
unless something is done to check or reverse the process (Green and 
Snow, 1952). A close watch has accoridngly been kept for signs of 
soil deterioration. A careful statistical analysis (Crowther, 1944) 
of cotton yields from a representative irrigated area , during the period 
1917 to 1931, failed to establish a significant delince in fertility. 
Green and Peto (1928) pointed out that small apparent changes 
which occurred under irrigation and cultivation were largely due to 
swelling and shrinkin g of the surface soil occasioned by changes in 
moisture content and to mechanical disturbances and settling which 
depended on cultivation. Fadl (1971) reported that the salt content 
of the surface soil is increased by application of soil improvers 
or by other means, rains and watering rapidly wash down the salt, 
and in the course of time the salts in the profile return to their 
normal distribution . Salt introduced by irrigation waters is 
washed down from the surface layers. 
Jewitt · and Middleton (1955) reported that the effect of different 
amounts of irrigation water on salts in Gezira soil has been studied 
by comparison of di fferent rotations in two long-term experiments at 
the Gezira Research Farm. He concluded that none of the rotations 
studied showed any evidence of salts rising or accumulating in the pro-
file. There is some evidence of a removal of salts from a 6-foot 
profile. 
Beam in 1911 stated that the Gezira soil was deposited many years 
ago at great depths when the Blue Nile flooded annually across the 
Gezira plane. The soil deposited is high in minerals and contains 
adequate amounts of all plant food except nitrogen. Its quality is 
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demonstrated by the fact that one experimental plot has yielded good 
returns after 37 years of successive plantings of cotton (Finck, 1960). 
Irrigation 
The principle engineering feature of the Gezira Scheme is the 
Sennar Dam situated on the Blue Nile. Because the tilt of the Gezira 
plain is towards the north and west, it was decided to lay out the 
main canal along the east side of the Gezira. Within the irrigated 
area, the silting of the minor distribution canals is a problem 
because of the remarkable flatness of the ground with mean slopes 
ranging between 1:5,000 and 1:10,000. It has thus been possible to 
adopt a standard layout which brings water to units consisting of 
36 hectares, each being in turn divded into plots of 4 hectares. 
Livestock potential 
According to Ibrahim and Osnnna (1968, unpublished) the two 
livestock censuses (1953-1954 and 1963-1964) were not reliable. 
The method used in both censuses was the questionnaire method. In 
both censuses, the figures are nearly the same. The estimated 
numbers were as follows: 
Table 1. Number of animals in the Gezira Scheme (Ibrahim and 
Osmma, 1968). 
Animals Number 
Cattle 200,000 
Sheep 300,000 
Goats 300,000 
Camels 60,000 
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According to the same census, animals moving into the Scheme 
with some of the cotton pickers (nomads) amounted to about 72,000 
head of cattle, 99,000 head of sheep, and 50,000 head of goats. 
In 1964, Yassin Amahy (unpublished) reported on the following 
data on animal numbers: 
Table 2. 1964 Livestock census (Yassin, 1964, unpublished) 
Location 
El Gezira 
El Managil 
Total 
Cattle 
72,129 
72,197 
145,326 
Sheep 
123,589 
107,379 
230,968 
Goats 
103,915 
56,930 
160,845 
Sheep 
33,952 
21,374 
55,326 
In comparison, McKenzie (1952-53, unpublished) and Yassin (1964, 
unpublished) reported the following table: 
Table 3. Comparison between McKenzie (1952-1953) and Yassin 
(1964) estimates of animal numbers. 
Sources 
McKenzie 
Yassin 
Cattle 
73,665 
73,139 
Sheep 
229,645 
103,915 
Goats 
89,810 
123,589 
Remarks 
In Nov. 1958 
:Feb. 10-20 
In 1970 Ibrahim and Osmma pointed out that the number of animals 
slaughtered during the year 1967 and 1968 (only those registered in 
slaughter houses) were as follows: 
Table 4. Number of livestock slaughtered (Ibrahim and Osmma, 1968). 
Cattle 
Sheep 
Goats 
Camels 
35,919 
134,038 
15 , 876 
10,000 
The high figures for camels slaughtered is explained by the 
fact that most of the Gezira people prefer camel meat to beef and 
most of the camels coming into this area are brought for this 
purpose. 
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Yassin used a questionnaire method and he pointed out that the 
number of animals that he obtained was probably not more than 65 
percent of the actual number. He related this to some social 
obligations and practical difficulties in this survey. 
Ibrahim (1966, unpublished) reported that the total number of 
animals (cattle) vaccinated against rinderpest in the last five 
years was: 
Table 5. Numbers of cattle vaccinated by year. 
Year Number 
1960 57,155 
1961 92,884 
1962 36,804 
1963 79,514 
1964 158,576 
Livestock production unit 
This unit deals with extension development and improvement of 
fattening and dairy farms. The farmer is supplied with technical 
help, routine visits, improved bulls, cows and dairy equipment 
at half their original price. The number of the established animal 
production farms in all Gezira is 49. The area of each farm 
encompasses up to 34 hectares with an average of 11 hectares each 
for private farms. The total area of farms is 18,310 hectares. Of this 
661 hectares of registered land are occupied by 17 farms; 514 hectares 
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of resting land are occupied by 19 farms; and 152 hectares of 
village haram (boundaries) are occupied by 13 farms. 
The total number of cows in all farms is 2,255 and the average 
number of animals per farm is 48 cows. 
The production of these units is illustrated in Table 6 . 
. Table 6. Dairy production from livestock production units. 
Dairy milk production per cow 
Average daily milk production per cow 
Lactation period 
Average 
Dry period 
Average 
Calving interval 
Average 
4 to 16 lbs 
7 lbs 
120 to 300 days 
168 days 
6 to 18 months 
7 months 
12 to 24 months 
13 months 
Distribution of the farms in the Scheme is illustrated in Table 7. 
Table 7. Distribution of the farms in the Gezira Scheme (1970). 
Group Number of farms 
South group 
Center group 
Messelamia group 
Wadi shair group 
North group 
N. West group 
Maatug group 
Wad El Mansi group 
Maturi group 
El Huda group 
17 
10 
8 
7 
7 
1 
1 
2 
1 
1 
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Distribution of the approved farms in the groups is illustrated in 
Table 8. 
Table 8. Distribution of the approved farms in the Scheme (1971). 
Group Dairy Fattening & Dairy Fattening 
South group 10 3 3 
Center group 5 
Messelamia group 3 2 
Wadi Shair group 7 
North group 3 4 
North West group 1 
Wad El Mansi group 1 1 
Maturi group 1 
Maatug group 1 
El Huda group 1 
Preliminary analysis of the collected data about these farms 
indicated that the annual cost of fodder and concentrates purchased is 
high and uneconomical. The main reason is that land offered for 
fodder products is too small compared to the carrying capacity 
of the animals in the farms. Another reason is that there is not 
enough water for irrigation of these farms especially in the summer. 
Animal health 
The following table shows the situation during 1968 and 1969 
for the most important diseases: 
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Table 9. Nwnber of cattle vaccinated in the Scheme (1968-1969). 
Disease No. vaccinated 
or treated 
No. died 
Rinderpest 
Contagious bovine pleuropnemonia 
Haemorrhogic septicemia 
Anthrax 
Tripe 
Liver flukes 
Black quarter 
Tick fever 
Mange 
Ring worm 
Rabies 
Caprine pleuropnemonia 
Food and mouth disease 
66,217 
45,744 
8,284 
1,850 
32,540 
7,088 
2,022 
266 
758 
59 
606 
2,757 
274 
54 
50 
14 
3 
4 
136 
The control of these animals diseases in the Scheme is achieved 
through t.he joint work of the livestock improvement section and 
the Province Veterinary Office. Mobile clinics tour the irrigated 
area throughout the year for vaccination and treatment of livestock. 
The Gezira Scheme area is the confluence and a gathering place 
for livestock of several tribes. Flocks of sheep and herds of 
cattle of western tribes, the Kawahla of Sennar, Rufaa, El Hoi, 
and Lahuween where herds come from various locations in Khartoum, 
Blue Nile and Kassala province meet together there. In recent years 
animal diseases have become wide-spread as a result of contact 
between animals from the various provinces. 
Artificial insemination unit 
An up grading system is being followed to improve livestock 
in the irrigated area. The unit distributes selected bulls and 
Kenana cattle, one of the best milking breeds of cattle in Sudan, to 
farmers for quick improvement of their stock. Last year 25 bulls 
and 240 cows (20 cows for each group) were distributed among 
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farmers in the Scheme. There is now a complete artifical insemination 
lab which contains three bulls (Fresian x Butana) and two cows 
for this purpose. They are now in the state of semen ~ollection 
and insemination itself will begin in the near future. 
Cotton 
Cotton is the main cash crop in the Scheme and in the whole 
of Sudan. The Gezira Scheme produces 75 percent of the country's 
main product which is long staple cotton. 
The sowing usually starts on about the 25th of .;uly and ends 
by the 10th of August. The cotton area is increasing from year to 
year. In 1967-68 the areas cultivated in the Gezira were 117,452 
hectares compared with 123,603 hectares in 1970-71. 
Pre-watering operations start early in March and continue through 
April. The purpose of this operation is to control the weeds before 
cotton cultivation. The weeds that germinate as a result of pre-
watering are usually completely grazed by animals. In certain 
locations weeds are ploughed and furnish no forage. 
Cotton pests and diseases 
Introduction of new forage crops into the Gezira Scheme would 
depend, to some extent, upon cotton pests and diseases associated with 
these new crops. Caution would have to be taken to be sure the 
introduced forage plants would not be host plants for cotton pests 
and diseases (Sudan Gezira Board-Five Year Plan, 1970-1974). 
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Cotton pest infestation varies from one year to another 
depending on the management and weather conditions. American bollworm 
(Helicoverpa armigera), aphids (Aphis gossypii), Egyptain bollworm 
(Earias insulana) and whiteflies (Bemisia tabaii). They are the 
most important pests in the Scheme and their infestation varies 
due to rainfall, temperature, and wind. 
The Gezira Scheme crop rotation 
The Gezira Scheme has an 8-course crop rotation. The main cash 
crop in the rotation is long staple cotton. In addition sorghum, 
lubia, wheat and peanuts are rotated. In the summer phillipesera 
is grown as summer fodder. Table 10 illustrates the Gezira 
crop rotation schedule. The agricultural activity as as crop 
preparation, sowing, spraying, and harvesting are shown in 
Table 11. 
Table 10. Gezira Crop Rotation Schedule 
Years 
65/66 
66/67 
67/68 
68/69 
69/70 
70/71 
71/72 
72/73 
Key: 
C = Cotton 
F = Fallow 
W = Wheat 
1 
C 
L/G . 
D 
Ph/F 
F 
C 
w 
F 
2 3 
F w 
C F 
w C 
F L/G 
C D 
L/G Ph/F 
D F 
Ph/F C 
D = Dura (Sorghum vulgare) 
4 
D 
Ph/F 
F 
C 
w 
F 
C 
L/G 
5 
F 
C 
L/G 
D 
Ph/F 
F 
C 
w 
Ph= Phillipesera (Phaseolus trilobus) 
G =Groundnut or peanut (Arachis hypogen) 
L = •ubia (Dalichus lablab) 
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6 7 8 
Ph/F C L/G 
F w D 
C F Ph/F 
w C F 
F L/G C 
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Table 11. Agricultural ca lendar of Gezira Scheme. 
Month Agricultural Operation 
July 
August 
September 
October 
November 
December 
January 
February 
March 
April 
May 
June 
Dura and peanut sowing 
Cotton sowing 
Cotton thinning - start of pest control ..,, 
lubia sowing 
Start of cotton spraying 
Start of plowing and preparation of 
next season's cotton area - wheat 
sowing. 
Dura harvest - preparation for cotton 
picking and peanut harvest 
Start of cotton picking and lubia grazing 
Start of ginning. 
Continuation of cotton picking 
Continuation of cotton picking and wheat 
harvest. 
End of cotton picking 
Pulling out and burning of cotton stalks. 
Clean up of cotton fields 
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CURRENT FORAGE PRODUCTION IN THE SCHEME 
Green forage 
Lubia (Dalichus lablab). Lubia (Dalichus lablab) is the main 
forage crop in the Scheme. It was introduced into the Scheme in 1936 
when approximately 315 . 9 hectares were sown to the species. The 
carrying capacity at that time has been estimated as 16 to 20 sheep 
per hectare per month. 
The lubia plant is used for fodder and its seeds are used as 
a staple in the human diet. It is sown in late August and September 
and nearly all the crop is disposed of through grazing in January. Very 
little interest has been shown in conserving the forage by bailing. 
Table 12. Area of lubia cultivated in four years in the Gezira 
Scheme. 
196 7 /68 196 ~./69 1969/70 1970/71 
he ctares 
Gezira 13,727 29,439 32,274 25,005 
Managil Extension 15,076 24,427 24,427 16,378 
Total 28,803 53,886 56,701 41,383 
Lubia is grown in small quantities related to the animal population 
in the Scheme. The tenants have a choice of crops. They usually 
choose to grow the peanut because there is a higher economical 
return. However, the peanut does not furnish a good supply of 
animal forage as does lubia. The tenants who grow peanuts do not 
own livestock which they could do if they were producing a fodder 
such as lubia. Very often such tenants do not have an adequate 
supply of milk and other livestock products. 
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Land preparation for lubia planting is still limited to ridging. 
Just before sowing good tenants ridge twice. The second ridging 
operation normally results in a better seedbed at the start and 
fewer weeds during establishment. 
The Sudan Gezira Board Annual Agricultural Report (1971, un-
published) reported that nearly all the crop residue is disposed of 
through grazing and little interest is taken in conservation by bailing 
for the lean months. 
The Annual Agricultural Report for 1968-69 (unpublished) stated 
that "no bailing was done and most of the crops were grazed in the 
field". Usually in the b1ocks adjacent to town the crop residue was 
disposed of by sale as green forage. 
Efforts are continuing to improve the husbandry of this crop. 
The tenants have been encouraged to follow some management to improve 
the crop, such as closer row s pacing, closer spacing between plants, 
use of high seeding rates in the range of 40 to 50 kilogram per 
hectare and seed dressing with insecticides. The best time for 
sowing is between the 1st and 5th of September. 
Phillipesera (Phaseolus trilobus). Phillipesera (see Figure 5). 
is the second most important green forage species. The area sown 
is very small, only 674.8 hectares in 1967/68 compared with 
1824.5 hectares in 1970/71. 
The reason for the tenant's reluctance to grow phillipesera is 
due to the following: 
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Phillipesera (Phaseolus trilobus) above and clitoria 
(Clitoria t,grnata) below. ' 
(a) lack of sowing seed 
(b) low amount of water in the sunnner 
(c) Phillipesera is grown in the fallow soils just before 
the cotton is planted and this causes various weed 
problems during the cotton crop. 
(d) Most of the tenants do not realize the value of 
Phillipesera as a high nutritive value for livestock. 
(e) Collection of seeds is very difficult because of their 
Roughages 
small size and as soon as the plant matures the 
seeds shatter. 
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Roughages consist primarily of two resources - cotton leaves 
and weeds. Usually grazing on cotton leaves starts in March and 
lasts until the middle of April. After the cotton harvest is 
complete, the forage offered by cotton leaves is the major reason 
for nomadic tribes to migrate to the Scheme for cotton picking. The 
nutritive value of cotton leaves is very low. The following table 
illustrates the analysis of cotton leaves. 
Table 13. Analysis of fresh cotton leaves (data from Konum, 1964). 
Component Percentage 
Dry matter 
Crude fat 
Crude fiber 
-Soluble carbohydrates 
Nitrogen 
Ash 
88.0 
2.2 
13. 7 
39.2 
2.5 
7.3 
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After heavy grazing of the cotton leaves, the remaining plant 
material is collected and burned immediately in the field. This 
method has been used in the Scheme since its beginning. 
Weeds are defined as those unwanted plants which interfere with 
utilization of theland and water resources or otherwise adversely 
intrude upon human welfare. 
Table 14. Summary of survey of weeds in the Scheme. (Data from 
Gezira Board Annual Agricultural Report 1970/71). 
Local Name Scientific Name Weed Approx. 
population % infested 
Gubain Solanum dubium High 75 
Hambuk Abutilon figarianum Meditnn 36 
Tabar Ipomoea cardofana High 80 
Tagar Palicaria crispa Low 15 
Raba Triantha pentadra Low 12 
Rihan Ocimum basilicum Medi tnn 32 
Ushan. Calotropis procera Low 25 
Tomalaka Cyrodropsis gynendra Low 15 
Molatid Sonchus cormuties Low 15 
Um galayil Aristolochia bracteolata Very low 12 
Danab El Agrab HebQtropum ovalifalium Low 17 
Weika Hebiscus esculentus Low 15 
Tenba Chrozophora plicata Very low 7 
Shidr el Khail Euphorbia acalyphoides Very low 5 
During the stnnmer which is the critical period for livestock, 
weeds that grow on fallow land are considered a green feed for 
livestock. 
Stover 
Stover is defined as thoseplants grown primarily for grain, but 
where stalks and straw may be used for livestock feed (Morrison, 
1958). Sorghum vulgar is considered the second most important crop 
in the Scheme and is grown mainly for its grain. 
Table 15. Area of Sorghum vulgare cultivated in the 
Gezira Scheme and Managil Extension. 
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1967/68 1968/69 1969/70 1970/71 
hectares 
Gezira 59,533 61,824 60,486 61,483 
Managil 53,863 56,193 56,953 57,251 
Total 113,396 118,017 117,439 118,734 
Sowing starts early in July and usually by the end of the month 
the whole Scheme has been sown. The crops are harvested in December. 
After the seed is removed from the stalks, the remaining plant 
is . used for livestock feed (Figure 6). The tenants, especially 
those not owning animals, sell the stalks in Kartoum for high 
prices ($40-60 per ton). 
The following table illustrates the nutritive value of sorghum 
stalks. 
Table 16. Average nutritional analysis of Sorghum vulgare stalks 
(data from Konurn, 1964). 
Component Content 
Dry matter 
Nitrogen 
Crude fat 
Soluble carbohydrates 
Crude fiber 
Ash 
% 
86 
5.6 
1. 6 
40.3 
33. 7 
4.8 
Wheat straw is also an important stover crop. Demand for wheat 
in Sudan has increased and the Minister of Agriculture has requested 
that yields of this crop be increased vertically and horizontally 
so as to reduce the necessity for importing this valuable connnodity. 
L 1 ,.!Jj 
,, 
Figure 6. Butana cattle grazing 011 residue of crops in surgli:im field 
(above) and wheat field (below). 
Table 17. Area of wheat cultivated in the Gezira Scheme and 
Managil Extension. 
Gezira 
Managil 
Total 
1969 /70 
(he c.tares) 
51,379 
5,344 
56,723 
19 70/ 71 
50,988 
6,219 
57,207 
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Sowing is usually started on the 25th of October and harvest 
starts in April. After the seed is removed the remainder is utilized 
in the field directly by animals (Figure 6). The nu t ritive value of 
wheat straw is very low except in those cases where grazing animals 
obtain seeds with straw. The following table illustrates the 
nutritional analysis of wheat straw. 
Table 18. Nutritional analysis of wheat straw (data from Konum, 1964) . 
Component 
Dry matter 
Nitrogen 
Crude fat 
Soluble carbohydrate 
Crude fiber 
Ash 
Co;-itent (%) 
86 
3.3 
1.3 
39.1 
37.2 
5.1 
Peanut haulms is the third major source of stover. The 
importance of peanuts is increasing rapidly. The area of cultivation 
in 1968/69 was 34,745 hectares compared with 53,057 in 1970/71. 
Peanut planting usually begins in late July and continues until the 
15th of August. Harvesting starts early in December and continues 
through the end of February. The har vesting is generally done by 
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hand. After harvest the animals are driven into the field to graze 
the residues. 
PRESENT RANGE CONDITIONS IN AREAS ADJACENT 
TO THE GEZIRA SCHEME 
Butana 
The Butana is a gently sloping plain with a rather low rain-
fall and generally better dr ainage than the Gezira (Figure 7). 
Its elevation is too high for irrigation from the Nile and it is 
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too dry for regular rainfed cultivation (Finck and Ochtman, 1961), 
but the good grass growth and freedom from flies in the sunnner makes 
it well suited to animal rearing. In the south and east it is 
covered with a dark heavy clay soil. In the central section there 
are hill masses formed by various rocks, the western and southwestern 
Butana is occupied by two semi-nomadic tribes, the Shukriya and 
Rufaa El Shary who migrate short distances every year toward the 
Gezira Scheme. They depend for their sustenance on animals and 
limited cultivation, although they sometimes work as cotton pickers 
in the Gezira Scheme. 
In drought years when range forage has been consumed, the 
animals are often taken into the fields of the Gezira Scheme to 
eat cotton leaves and Sorghum vulgare stalks. Many of the men 
find work as cotton pickers between April and June (Figure 7). 
In the last twenty years there has been remarkable land use 
development in the Butana. The first was in 1964 when the mechanized 
crop production schemes started. As a result large acreages of the 
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Figure "7. Seasonal movement of Nomads in the Butana. 
land were put to the plow. In addition, these mechanized crop 
production schemes are still expanding from year to year. 
The second change occurred in 1960 when the Gunied Scheme 
was established on the east side of the Blue Nile. In 1965 
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the Khasm El Girba scheme was started in the eastern Butana. This 
scheme is considered like the Gezira s·cherne except that it contains 
about 45,000 hectares as compared to the 2 million hectares of the 
Gezira. However, this development changed the entire life of the 
nomadic tribes, blocking access to certain land which the tribes 
historically traveled through. The result was that the nomadic 
tribes changed their traditional migration routes. Migration 
routes followed by the tribes are shown in Figure 7. The nomadic 
tribes have limited grazing area and they annually push their way 
towards the Gezira Scheme, some picking cotton during the dry season 
and bringing their cattle with them. The result is very severe 
overgrazing on areas of rangeland surrounding the Gezira Scheme. 
Harrison (1955) pointed out that the Butana was once known to 
support vast areas of pure stands of siha (Blepharis edulis), one of 
the most valuable forage species for sheep and camels. The 
description of the plant siha recurrently appeared in route reports 
carried in the Butana during the period from 1950 to 1964 (Harrison, 
1955). The few Butana "hafires" (water points) which were dug 
during the 1951-56 program were mostly located in areas where 
Blepharis edulis was either the dominant forage species or was in 
the form of a pure stand. In 1962 it was observed that Blepharis 
edulis had disappeared completely giving way to "Nal" (Cymbopogon 
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nervatus), a wor t hl e s s grass species of little or no grazing value. 
The startling fa c t was that a valuable grazing species in the Butana 
was completely destroyed in a period of not more than ten years. 
The Butana, like many other grazing lands in Sudan, is still 
subject to fire outbreak, and every season thousands of acres are 
destroyed by fire. 
The vegetation of the Butana is considered a semi-desert 
grassland on clay (Harrison, 1955). The typical dark cracking clay 
has medium or small cracks with a loosely fiable and crumbly, 
almost spongy surface texture. The only water courses are a few 
small streams (khors) which originate from the isolated scattered 
(Jabbeles) small hills and their associated soils of hard surfaced 
clay with no cracks or few small cracks. The most of the Butana is 
completely open without bush or trees. The Acacia mellifera areas, 
though considerable in total area, are limited to the soils around 
the hills and to narrow belts along khors. 
Butana was at one time the best grazing land for sheep, camels, 
and cattle in Sudan. The impact of the mechanized crop production 
scheme has had agreat effect on the multifold nature of grazing 
patterns, seasonal migrations, tribal grazing rights and grazing 
agreements among tribes. Consequently, the Gezira Scheme has been 
receiving great pressure from nomadic animals and damage occurs every 
year to the cotton from animal trespass. 
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Southern Gezira 
Southward from the Gezira Scheme the rainfall becomes more 
intense and more reliable than in the northern part, extending 
from 400-605 mm annually. The land produces a flush of green grass 
making it possible for animal owners to follow fairly regular 
routes across the Blue Nile in their annual migrations. On the 
banks of the Blue Nile, where there isn't a large supply of forage 
during the winter grazing period, annual migrations are necessary 
and take much longer. The Rufaa El Hoi tribe, which with the 
Kenana tribe are the principle occupants of southern Gezira, 
travel a distance of more than 300 kilometers between their summer 
and winter grazing areas. These extensive migrations are necessitated 
by two prime factors: the treck southwards is undertaken to find 
palatable grazing, which in winter become necessary as the 
Echinochloa pyramidalis and Hyperrhenia rufa dry out. The return 
to the north is required to avoid the mosquitoes and other insects. 
Other groups of the Rufaa El Hoi and the Kenana tribes move down 
to the Blue Nile during the winter. The Kenana cross the river 
while the Rafaa El Hoi do not (Figure 8). 
The Rufaa El Shary on the eastern side of the Blue Nile find 
winter grazing in the pools and watercourses of the two seasonal 
rivers Dinder and Rahad Island and on the land lying between these 
two rivers. In the sunnner they disperse throughout the central 
Butana and come into contact with the Shukriya tribe (Figure 7). 
Seasonal migratory movement is mainly from north to south and the 
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Figure B Seasonal movement of Nomads in the Blue Nile region . 
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reverse. Grazing movements take the shape of going to the river 
and back inland to the plains. 
The quick expansion in mechanized crop production especially 
in the Dally and Mazmom Schemes (dry farming schemes cultivating 
sorghum by rain) (Figure 8), has become a physical 0bstacle in the 
southward movement of the Kenana and Rufaa El Hoi tribes. 
The vegetation in the southern area is predominantly a grass 
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cover with belts of Taleh (Acacia seyal) and Heglig (Balanites 
egyptiaca). But these trees exist only in small numbers as 
individual trees and never in big associations. Hashab (Acacia 
senegal) is present in localized areas and where it exists, stands 
are rather old in age. 
The grass cover is dominated by Hyperrhenia pseudocyrnbaria 
and Sorghum purpurea. Seteria incrussata is found as a fire climax 
on clay plains, whereas Cyrnbopogon nervatus and Ischaemum brachyatherum, 
seem to appear in the disturbed and cultivated areas. In the South 
Singa (Fig~re 8), the species are mainly those of annual Aristida 
and Eragrostis species. 
In virgin and semi-virgin locations and in lightly grazed 
areas, perennial grasses, for example, _Andropogon ga~ranus, Hyparrhenia 
rufa and Pennisetum ramosum dominate the stand. 
Nomadism is a way of life and communal grazing prevails all 
over this area. The Blue Nile nomadics are not nomadic from choice, 
I 
but the dry nature of their range, especially in sunnner, forces 
them to keep on the move so as to get the best water and maximum 
forage for their animals. Grazing land is considered as tribal 
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property and no individual among the tribe has the right to p0ssess 
his own land to manage as he thinks fit. 
A basic feature of nomadic life is the use of the natural untamed 
grazing resources, without any contribution to their improvement or 
conservation. Grazing land is rested from grazing only when a 
tribe moves to another area, but only after using up that land's 
forage. With quick development of mechanized crop production schemes 
in the grazing land of these tribes, a great change in migratory 
patterns has occurred and the deterioration of grazing resources 
has been accelerated. In many cases it has been to the point of no 
re turn. 
Western Gezira 
This area, described as semi-desert, lies between Khartoum in 
the north and Kosti in the south, being west of the White Nile 
(Figure 8). The area is one of largely sandy soils with rainfall of 
about 100 mm to 300 mm annually. The area near the White Nile 
has clay soils and somewhat higher rainfall, reaching about 400 mm 
in the south. 
Harrison (1955) gave the following four subdivisions of semi-
desert vegetation in this region: 
1. Acacia tortilis - Maerua crassifolia - Desert scrub 
2. Semi-desert grassland on clay 
3. Semi-desert grassland on sand 
4. Acacia mellifera - Commiphora - Desert scrub 
Acacia tortilis and Acacia millifera normally reach a height 
of 2 meters in this area. The associated shrubs, Maerua spp. and 
Commiphora spp. are usually smaller . 
. Here the soils are deeper, run-off is less important and 
the vegetation i s more homogeneous over wide areas as compared 
to the Butana area. Basher (1962) reported that woody plants 
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are absent and mixed grass and herbs provide an even and continuous 
cover. 
The major nomadic tribes in this area are the Beni-Garrar, the 
Hasaniya and the Huseinat. These tribes usually travel short 
distances in their seasonal migration to west and east. In January 
when the cotton picking starts some of these nomadics immigrate to 
the Gezira Scheme with their animals. 
The local distribution of grazing within the region presents 
an acute problem, particularly in the semi-desert zone and the 
area adjacent to the Gezira Scheme. 
The Sudanese Government spent large sums of money on water 
development during the period from 1959 to 1971, but unfortunately, 
range improvement received less attenbion, with littl e consideration 
being given to management of grazing use. Consequently, vast 
areas of rangeland around watering points has been destroyed by 
overgrazing. 
One of the important factors responsible for range deterioration 
in this area are fire outbreaks. Fires usually consume more forage 
t han livestock utilize and fire is the usual cause of forage shortage 
in this region. In an average year an estimated 40% of the forage 
is burned. 
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Another major factor causing rapid deterioration of range land 
is the Dura (sorghum) cultivation within the area, especially 
above the latitude of 14°. This shift in cultivation has been a 
major factor in removing the natural vegetative cover and exposing 
the soil to wind erosion. In addition, the aridity index value 
of this area (10-20) indicates that this area is not recoimT1ended 
for agronomic agriculture. The rainfall evaporates rapidly after 
falling and is of very limited value to crops. Such a relation 
between precipitation and temperature is shown by Mortonne's (Mortonne 
as cited by Sampson, 1962) simple formula for obtaining an 
index of aridity: 
p 
I=--- (T+l0) 
where I - ind~x, P = rainfall and T = temperature. An index 
value below 10 indicates an arid condition . Values between 10 
and 20 are semi-arid. Those above 20 are considered humid 
conditions. 
In suimT1ary, there is a shortage of forage in the western part 
of the rangeland bordering the Gezira Scheme. This shortage 
has been caused by an increase in cultivation of the rangeland, 
fire damage and opening of water points without any attention to 
grazing management. During failures of the rainy season, great 
changes are brought about in migratory patterns and in the duration 
of stay of nomads on rangelands so that immigration into the 
Gezira Scheme during the summer period is seen to be the trend of 
most livestock owners . 
RECOMMENDATIONS 
Improvement of Forage Production in the Gezira Scheme 
Introduction of forage in 
crop rotation 
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As indicated by Table 1, the Gezira crop rotation schedule, 
forage crops play little part in the rotation. However, as mentioned 
before, forage crops or volunnary crops are still optional. No 
doubt the need for integration and improvement of forage and live-
stock in the Gezira Scheme was felt some time ago. 
A new section with qualified livestock officers and range 
management officers was established in the Gezira Scheme to 
investigate ways and means of raising tenant's standards of living 
by improving their livestock and forage production. The goal of 
this section was to create a stable community that would not be 
seriously affected by the fluctuation in cotton yields and prices. 
As early as 1944, Crowther (unpublished reports) suggested 
the following rotation: 
Lubia - fallow - cotton, compared with the old rotation of 
fallow - fallow - cotton. He also pointed out that lubia increased 
subsequent cotton yield by 0.4 kontar (kontar = 100 pounds). 
Some suggestions on introducing forage crops into the Gezira 
Scheme are as follows: 
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(A) Sowing of cowpeas (Vigna unguilata) after dura) substituting 
for phillipsera. The rotation would be cotton - wheat - fallow 
cotton - lubia or peanut - dura - cowpea - fallow. 
This method would achieve the following: 
1. Cowpeas can be expected to produce greater yie l ds than 
phillipsera. The 1968 Annual Report of the Wad El Nairn 
Farm Experimental Station (unpublished) stated that cowpeas 
yielded 14,000 pounds per acre in 60 days compared with 
phillipsera which yielded 12,000 pounds per acre in 90 days. 
2. Cowpea fodder is easier to bale than phillipsera because 
of a more erect growth form. 
3. Cowpeas tend to be more competitive with weeds than 
phillipsera (1968 Annual Report, unpublished). 
(B) Cowpea or phillipsera sown in fallow phases. The rotation 
would be: cotton - wheat - cowpea or phillipsera - cotton- lubia or 
peanut - dura - cowpea or phillipsera. 
This method would achieve the following: 
1. The establishment of a fodder crop in the fallow phase, 
providing an advantage for soil fertilit y . Considering that 
the legume crops will increase soil nitrogen, increases 
in the cotton crop might be expected (Cr other 1944, 
unpublished). 
2. Increase fodder production in the Scheme by utilizing the 
fallow land. 
3. The control of annual and perennial weeds in the fallow. 
In sunnnary, the establishment of leguminous crops in the fallow phase 
without or with little water is possible because of supplemental 
rainfall during July and August. 
(C) Lubia mixed with sudangrass, sown in lubia phase. 
This method could be expected to achieve the following: 
1. The establishment of an insured fodder crop in lubia 
phase without losing the advantages of the bumper crop 
of lubia in a good lubia season or the disadvantage of 
complete failure of fodder in a bad lubia season 
(Heineman and Van Keuen, 1958). 
2. Increased fodder production on lubia phase. McCloud 
and Mott (1963) point out that legume-grass mixtures 
increased the forage production. 
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(D) Lubia or cowpeas mixed with dura and sown in the dura phase. 
Sow dura in July at 50 cm or wider spacing. At the same time, 
follow up by sowing one lubia or one cowpea hole between each dura 
hole. 
This method would achieve the following: 
1. The establishment of a crop of lubia or cowpeas, using 
practically no extra water above that normally given to 
dura alone. 
2. The increase of a fodder production of dura phase. 
3. The establishment of a leguminous crop in dura phase 
without additional irrigation. 
4. Greater fodder production when compared with the 
dura alone. 
5. The control of annual and perennial weeds in the next crop. 
(E) Pure clitoria sown in July in fallow phase substitute 
for phillipsera. Clitoria is a pe~ennial leguminous crop. It 
is found growing wild in western Sudan. It also has deep roots 
which makes the plant drought resistant. 
Use of this crop in rotation would likely achieve the 
following: 
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1. The establishment of leguminous crops in the fallow 
without calling on irrigation water. Rainfall is usually 
adequate at this time. 
2. Greater forage production on the fallow. 
3. Clitoria can be grown when watering difficulties would 
make phillipsera impossible. 
4. Control of the annual and perennial weeds in the fallow. 
Eradication of Clitoria should not cause much difficulty. A 
light cutter bar, broad tined cultivator, or mole board plow are 
effective tools for cutting out Clitoria. 
Establishment and management 
of Clitoria ternata 
First season in phillipsera phase. Land preparation would be 
limited to ridging. Sowing could be done as soon as possible in 
July. Amounts of seed required are 13 kilograms per hectare which 
includes some extra for re sowing. Irrigation would be necessary 
to supplement rainfall during July, August and September. Regular 
water would be used as far as possible until the crop is completely 
established. 
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Grazing of Clitoria would be started in October or November, 
depending on irrigation conditions. A grazing system would be 
applied to avoid any damage to the plants. Deferred grazing systems 
apparently are the most suitable for grazing in the first season. 
In the deferred grazing system, the Clitoria areas would be divided 
into many pastures depending on animal numbers and crop conditions. 
In this system a part of the pastures would be reserved or rested 
until it is established. Later it would be opened up for grazing. 
Baling Clitoria would take place if necessary. 
Second season. Clitoria watering would be stopped in 
January of the following year, and it would be grazed from February 
until the early rains. However, no irrigation would be applied 
during this season. 
Animals would be excluded from the pasture during June in 
order to allow the Clitoria to suppress the weeds and establish 
itself. Unrestricted grazing from September or October onward 
would allow utilization of the dry Clitoria stalks and stumps as 
roughage. 
(F) Clitoria and dura sown on dura phase. 
This method would achieve the following: 
1. The establishment of a crop of clitoria using practically 
no extra water above that normally given to dura. 
2. The increase of the forage production on dura phase. 
3. The establishment of a leguminous crop in the phase 
after dura without sowing it and with irrigation only 
when extra water could be spared. 
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The only disadvantage of this method would be slight interference 
with operations in the dura crop and possibly a slight effect on 
the dura yields. However, the great need for green forage during 
the dry season may outweigh this reduction in dura yields. 
Establishment and management 
First season. Dura should be sown in Julv at 50 cm or wider 
spacing, at the same time follow-up sowing of one clitoria hole 
between each dura hole. Watering would be handled the same as 
for dura until the dura harvest. No water would be applied for about 
six weeks during dura harvest. If possible the clitoria would be 
watered in December to revive it after the dura harvest. Watering 
from then on could be done according to the requirements of forage 
and availability of water. It should never at any time be excessive. 
A certain amount of clitoria could be cut and used with dura 
straw and grazing could be done in January or February. This could 
be done at intervals or continuously, depending on watering programs. 
Second season in phillipsera/fallow phase. Clitoria, having 
been established in the previous season, could be watered with 
discretion until the beginning of the fallow before cotton. This 
could be done according to fodder requirements and whenever water 
is available. 
From the beginning of January until the end of December, 
restricted watering at intervals could be done to bring on flushes 
of clitoria. If water has been applied between January and July, 
then little or no additional watering would be done after rains. 
Grazing or cutting could be done as required throughout the 
season, but grazing should not be continuous and stock should be 
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off after watering to allow the clitoria to produce a flush of 
growth. Grazing could be continuous from January until the following 
rains. 
Third season in fallow phase. The condition of the clitoria 
at the beginning of this season would depend on the amount and time 
of application of irrigation water in the previous year. It should 
be cured on the stem and will make a flush of growth when the rains 
arrive. 
No irrigation of any kind would be necessary during this phase. 
Also, weeding or cultivation treatment should be applied. 
As mentioned above, grazing should be done until June or July. 
When 50 to 100 mm of rain has fallen, animals should be excluded 
for a period of three to six weeks. Unrestricted grazing could 
then continue from September and October onward. Dry clitoria 
stalks and stumps could be used as roughage. 
Utilization of the Uncultivated Land in the 
Gezira and Managil 
Williams (1968) reported that fixed dunes occupy a large area 
in the Gezira Scheme. They probably originated as the channel 
deposit laid down by former tributaries of the Blue Nile. The channel 
deposits of clay were eventually covered with colonizing plants and 
the dunes were stabilized. The dominant dune (Lagod) grass species 
are annuals such as Aristida spp. and Eragrostis spp. associated with 
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Leptadenia pyrotechnia and Calatropis procera, a succulent shrub often 
considered to be a sign of soil deterioration and erosion. 
Most of the vegetation change has been essentially man-induced. 
The extensive cultivation of sorghum in dunes and in other uncultivat-
able land has completely destroyed the vegetation cover in many areas 
(Robinson, 1968). Proper utilization of this area can possibly be 
achieved through the following suggested steps. 
Ecological survey and range inventory 
An ecological survey and range forage inventory should be 
conducted for all available land in the Scheme. Adequate inventory 
of uncultivatable land will require the collection of at least four 
kinds of basic information. They are: 
1. Knowledge of the principle species of plants and 
communities of the range vegetation. 
2. The determination of different range types such as annuals, 
perennials, and mixed (annual, perennial, shrub). 
3. The determination of current range condition and trend. 
4. Present stocking rates and potential carrying capacities. 
Such information could be recorded in a number of ways using diff-
erent surveying systems, range inventories and range analysis methods. 
Since most the vegetation growing on the dunes or on untillable 
land is comprised of annual species, the evaluation of range condition 
is more practical when based upon total seasonal herbage production. 
After the ecological survey, pasture reseeding could be applied to 
those areas needing revegetation and follow-up management and 
conservation should be applied on all areas (Frandsen, 1960). 
It would be wise before reseeding procedures are started on 
a large scale to establish different exclosures in different 
rainfall zones. The purpose of this measure would be to test 
the adaptability of introduced forage crops. 
The following species are reconnnended to be tried first: 
(a) Clitoria ternata, (b) Bracharia abtusiflora, (c) Pancium 
virgatum and (d) Chloris gayanus. 
This experimental planting should be followed by ecological 
studies. Small exclosures (100 m x 100 m), completely protected 
from grazing, should be established in each of the main rainfall 
zones. These experiments should provide the information required 
preliminary to large scale reseeding. 
Utilizing the Crop Residues 
Cotton leaves 
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As mentioned earlier, the grazing of cotton leaves usually 
starts in March and April. For the proper utilization and grazing 
for this forage resource, the following suggestions may be used: 
1. It could be possible to let the cattle graze first and 
the sheep and goats second. The rationale for this is 
that the sheep and goats make use of residues which would 
otherwise be of no use to the cattle or the farmer. 
2. One irrigation may be necessary to keep the cotton leaves 
green and more nutritive. The need for this operation 
will depend upon the availability of water and 
preparation of the following crop. 
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3. Priority should be given to the farmer's cattle to graze 
first. That procedure may in the long-run make the nomadic 
people keep their cattle on the rangeland rather than 
bring them to the Scheme. 
Sorghum stalks (Gassab) 
The cheapest way to feed the livestock in the Scheme would be 
to utilize the sorghum stalks on the site. Sorghum is usually 
grown for grain and harvested with a combine (Fig. 6). Sorghum 
stalks have a place in the marketing systems, especially in Khartoum. 
There they are fed in feedlot rations containing up to 55 to 65 
percent roughage . Consequently this source of food is in demand. 
Reconnnendations for the proper use of the stalks are as 
follows: 
1. Sorghum stalks should not be sent to Khartoum. 
2. Proper storage should be made by the tenants. 
3. Full utilization should be made of the sorghum fields 
by sheep and goats after the grain and stalks have 
been removed. 
Peanuts haulms 
The peanuts are grown mainly for seed. Peanuts follow cotton in 
the rotation (Table 10 and the time of land preparation for peanuts 
depends largely on when the cotton crop is completed). The peanut 
haulms could be good hay if used properly (Carnoross, 1962). The 
baling of stalks and leaves of peanut could be practical if the tenants 
were encouraged not to sell their crop on the spot and if the harvest 
could be delayed until the leaves and stalks are completely dry. 
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Wheat straw 
Wheat straw is usually consumed by livestock in the field (Figure 
6). Wheat straw could be used as roughage during the dry season 
(Bartelett and Blaxter, 1947). Molasses and urea might be useful as 
protein supplements for increasing the efficiency of livestock 
utilization of wheat straw. The Kenana sugar industry has been 
established in Southern Blue Nile Province, and the molasses would be 
available in addition to that from Guniet Sugar industry in eastern 
Gezira (Fig 
The importation of urea should not be a problem due to the 
following incentives: 
1. The great increase in area of cultivated wheat will cause 
a great increase in production of wheat straw. 
2. Shortages of forage crops in the Scheme are reaching 
the critical point. 
Utilization of Surplus Water 
The need for improvement of the grazing land surrounding the 
Scheme has been recognized. The areas around the Scheme are fertile 
and the topography is flat. Any possibility of using the surplus 
water for irrigation of forage crops, especially during the inactive 
seasons, should be explored. The proposed areas are situated in the 
north and northwest or at the tail-end of the Scheme. These areas 
catch the remaining canal water which would make good locations 
for the proposed trial irrigation project. 
It is proposed that in the first year and for test purposes, 
the same conventional and normal operations which are practiced in 
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the Gash Scheme in East e rn Sudan be used in the Gezira Scheme. 
This consists of flooding the soil for periods of time depending 
on water quantity before planting crops. The same principle of 
flooding systems would be applied by dividing the project area into 
units and each unit will be surrounded by dykes or small dams 
to catch or trap water. 
The following plan t species would be recoilllllended to be tried 
first on a small scale: 
Clitoria ternata 
Cenchrus setigrus 
Cenchrus ciliaris 
Panicum vergatum 
Andropogon gayanus 
Bracharia obtusiflora 
Preliminary studies indicate that root systems of Cenchrus spp. 
can go as deep as six feet into the soil in one growing season. 
Work in Tanzania in East Africa indicated that over several years 
root systems of Cenchrus spp. can go as deep as eighteen feet. 
The proposed project will be a pilot scheme for testing the 
following ideas: 
1. Production of forage with surplus water. 
2. Solving the problem of livestock grazing in a 
year of low rainfall. 
3. Reducing the grazing pressure on the Gezira Scheme. 
4. Mechanical harvesting and conservation of the extra 
pasture crops. 
5. Production of surplus feed to be sent to famine 
stricken areas of the Gezira Scheme. 
Forage Research Station -- A Proposal 
The Gezira tenants are mainly concerned with growing cotton 
as the cash crop, dura as food and lubia as fodder for their 
animals. They occasionally face hazards of fluctuating cotton 
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yields and prices, as the experience of the early thirties demonstrated. 
In the hope of guarding against the same in the future, a forage 
research station could be started. The objectives of the station 
should be: 
1. To investigate the full utilization of the land and the 
raising of livestock and forage production. 
2. Investigate the possibilities of mixed farming. 
3. To advise and encourage the tenants to take greater 
interest in forage products. 
4. To introduce forage machinery in order to relieve 
pressure of work on the part of tenants and cut down 
expenses. 
5. To convert the tenants from purely cash crop producers 
into farmers capable of growing forage crops. 
6. To investigate the animal protein shortages in the Scheme. 
7. To introduce new forage crops to the Scheme. 
8. To investigate and improve grazing systems. 
9. Investigate and increase livestock productivity. 
10. Make use of all lands not presently included in the 
crop rotation. 
11 . Find simple economical ways of storing fodder in production 
time for critical months. 
12. Utilize agriculture by-products to the maximum. 
Range Improvement and Management for Areas 
Adjacent to the Gezira Scheme 
Butana area 
The vegetation of the Butana, as mentioned before, has been 
classified as a semi-desert grassland on clay (Harrison, 1955). 
Understanding the effect of the dark cracking clay of the Butana 
is a key to the understanding of the ecology of the area. The 
following is recommended for range improvement and management 
for Butana. 
Range inventory. An adequate inventory of any rangeland 
will usually require the collection of at least four basic types 
of information: 
1. Knowledge of the principal species of plants and plant 
connnunities. 
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2. The determination of the different rangeland types 
such as annual, perennial, etc. 
3. The determination of current range condition and trend. 
4. Present stocking rates and potential carrying capacities. 
5. Knowledge of season, species and class of livestock use. 
These kinds of information could be recorded in different ways, 
using a surveying system, range inventories and range analyses 
methods. Among the most important methods used in range inventory 
for range conditions, trend and range carrying capacity are those 
which are outlined by Sampson (1962): 
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1. The climax approach 
2. The palatability rating approach 
3. The range potential approach 
4. The score card approach 
Four additional methods have been developed in response to 
geographic and local agency requirements. Those for range condition 
are: 
1. The site potential approach 
2. The climax approach 
The other two methods used for range trend are: 
1. The two phase approach 
2. The three-step approach 
Each of these various approaches and systems are an attempt to 
develop a classification system that will portray both condition 
and trend. However, none of these methods present a perfect technique 
for two reasons: (a) A classification of communities of living 
organisms is static. Communities are dynamic as they are made up 
of living organisms in a constant state of flux and are always 
misrepresented to a degree when compressed or categorized into a 
grid classification. (b) An investigator with background or,iented 
toward the Sudan's Savannah annual short grass formation is aware 
that the application of the previous approaches will be of a limited 
use under these prevailing semi-desert conditions. The American 
methods for range evaluation for condition and trend analysis will 
be of limited use in Sudan for the following reasons: 
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1. Sudan range and livestock industries are much less productive 
per unit of land than most American ranges. Thus the methods 
may be too expensive in relation to economic returns. 
2. Sudanese ranges are grazed year long (common grazing land) 
whereas many American ranges are used for seasonal grazing. 
3. With a few exceptions, the American methods are concerned 
with perennial plants whereas on Sudanese range, the 
production is largely from annual plants as a result of 
long-term overgrazing. 
4. American range managers can draw on considerable background 
knowledge of individual range sites and plant species. Such 
information is not available for the Sudanese ranges. 
Control of seasonal fires 
Fire prevention on Sudanese grazing land constitues one of 
the biggest headaches facing improvement of management of our grazing 
land. Experiments on methods of fire control are still going on and 
temporary recommendations have been made in certain parts of the 
country. Unless this problem is solved and its implications are 
understood, with more financial support for its immediate solution, 
other improvements in livestock production and water development 
are not justifiable. 
Seasonal fire outbreaks usually occur either due to carelessness 
of nomadic tribes during their season of migration or due to the 
burning of cultivated land in dry land farming areas. In addition 
to destroying much potential forage, flres can induce t'emarkable 
changes in the floristic composition of the predominant vegetation 
formations and individual plant communities. Fire removes about 
80 million tons from the dry season grazing potential (Range 
Management Department, 1968, unpublished). 
The opening of the fire lines is still being done by hand at 
a cost ranging about $8.60 to $13.40 per mile. Experimentation 
to find new methods and techniques is strongly reconnnended. 
Integration of livestock in the 
mechanized crop production 
schemes in the South 
Butana (Gedaref) 
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Just as animal husbandry has been segregated from crop husbandry, 
so have our mechanized and irrigated crop production schemes been 
isolated and separated in their use and management from the dry 
lands that surround them. In recent years the country to the south 
and west of Gedaref (Figure 7) in the South Butana has been the 
scene of a considerable attempt to introduce mechanized farming 
(Mechanized Crop Production Scheme). These developments have had 
a multifold impact on the grazing patterns, seasonal migratory 
movement, tribal grazing rights and grazing agreements among tribes. 
Moreover, if the segregation between animal husbandry and crop 
husbandry continues to grow, action on the part o f the Sudanese 
Government will sooner or later be necessary. 
The following events are foreseen if this segregation continues: 
1. The habitat of the Butana and Kenana breeds of cattle, 
which are considered to be the most indigenous African 
types, will be changed in a way which will not favor 
livestock development. 
2. Game animals in Butana and those in Dinder National Park 
will change their migratory patterns and the National 
Park will lose its attraction. 
The situation is more serious in this area than the Gezira 
because in the Gezira with little expense and some time, errors can 
be corrected where irrigation water is at hand. Yne dry farming 
area is less flexible and more sensitive to the fluctuations of 
weather. 
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More precautions have to be considered and the laws of multiple 
resource use and those of resource conservation and perpetuation 
should strictly be adhered to, though the reasoning behind the 
philosophy of multiple use might not appear sensible or necessary 
in Gedaref's present economy or even in the country's economy. But 
in the long run, their importance and weight will surely be felt. 
Multiple use will lay the basis for diversification and multiple 
choice in allocation of resources with greater flexibility than 
single use or specialization. No guarantee can be given as to 
whether the Gedaref will maintain its "royal" place in grain and 
sesame production in the future. If production of the crops is 
reduced, then the poor farmer will have the choice of shifting or 
adapting himself. The following are points for c0nsideration with 
regard to livestock, game and general conservation policies. 
1. At high levels of government administration, the question 
of integration of livestock in our cropping system has 
been discussed and agreed on as being the aim and motto 
of our agricultural policy. If this policy is to be our 
guideline, then the policy of 100 percent clearance of 
the ·trees and shrubs will surely leave no wood resources 
for future use. Much wood within handy reach is needed 
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for fence posts, animal pens, shelters. In fact, a livestock 
industry without wood construction material will be greatly 
affected in the future. 
2. The question of having livestock trails and especially 
game trails will need to be considered. Main roads will 
not serve such purposes, and the question is becoming more 
and more pressing as time goes on. 
3. Part of the Gedaref plains is and will remain for years to 
come an outlet for grazing when years are not favorable 
in the Butana. With production of grain and availability 
of crop residues in the field, attraction of livestock to 
this area is expected to take place. 
The following recommendations may be considered in the future: 
1. Aerial photographs if present or provided for will 
greatly help in planning the land use of the area. Planning 
should be considered for both animal husbandry and crop 
husbandry. 
2. Complete clearance of forested areas and the creation of 
a continous cultivation domain is undesirable and unrealistic. 
Strip or block planning is more desirable. If the block 
planning is adopted the question of livestock and game 
trails will easily be answered. 
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3. In the mechanized crop production scheme, the integration 
of livestock that can utilize the grass fallows and 
afte-::-rnath within the limitations of the farming systems 
of these will lead to partial settlement and a balanced 
system of farming. 
Rangeland Western Gezira Scheme (Kosti District) 
Water supplies as a tool for control 
and management of rangeland 
The biggest single improvement that can be made to grazing 
management in this area is through provision of drinking water for 
the grazing animals. Yet great care must be taken. A policy of 
developing unlimited water supplies without regard to proper range 
use will quickly lead to deterioration of rangeland and soil erosion. 
The danger is far greater in the semi-desert country like Kosti 
District (Figure 8) than elsewhere. Here, the animals are migratory 
mainly because of irregularity of the water supplies. If permanent 
water supplies are developed in all areas, then the main cause 
for innnigration would no longer exist and grazing would become 
concentrated around the water points. Water supplies in this area 
will always be scarce for two reasons: First, geological water 
is not available in many areas, and second, the cost of developing 
water supplies where water exists is very high. Therefore, the amount 
of water required by different species of animals is a big 
consideration. On the basis of animal equivalents, cattle and sheep 
must have water comparatively near the grazing areas they are using, 
whereas camels can graze distant areas. The different types of 
water supplies that have been used for animals in this area are: 
1. Surface reservoir (Heifir) 
2. Bore holes 
3. Shallow wells 
4. Banks on seasonal water courses (Khor) 
However, the main objectives of water supplies are (a) to 
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reduce walking distance between water and grazing for the animals, 
(b) to even out the intensity of grazing for the better utilization 
of the range, (c) controlling animal numbers, (d) opening new areas 
for grazing, and (e) control and prevent fire outbreak . 
• 
To achieve full grazing without overgrazing and to achieve 
uniform grazing, a detailed and thorough grazing survey is necessary. 
The position, size, and duration of all water supplies must be known. 
The vegetation and soil types must be ascertained and carrying 
capacities must be determined. All of these measures must be fitted 
into the tribal background of seasonal migration and all must be 
done in close cooperation with the Range Management Department 
and livestock owners. 
The biggest problem in this area is controlling animal numbers. 
The only effective control of animal numbers in Kosti District, 
where communal land ownership is by tribal tenure, is to limit the 
water supply to the amount of grazing available. Moreover, other 
grazing improvement procedures to obtain full benefit from the 
water supplies must be studied at the same time. The conclusion 
from all these considerations is that there should be a preliminary 
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hydrological and range survey before a program of water development 
for grazing is approved. The relative merits of the different 
type of water supplies possible need to be considered and all the 
different aspects of land utilization need to be considered. 
Control of the shifting cultivation 
on rangeland 
No doubt, dura (sorghum) and semsem (sesame) cultivation within 
the low rainfall savannah rangeland is one of the major factors 
in damaging natural vegetation cover and exposing the subsoil to 
wind erosion. 
At the present time the location of the main belt of settled 
cultivators corresponds to the greater density of population 
along the railway in western Kosti. The success of this kind of 
cultivation depends upon adequate rainfall and fertile soil. The 
clearance of grasses and shrubs from the land usually starts before 
and after rainfall. Before-rainfall operations include preparing 
land for cultivation by burning the grass upon it. After-rainfall 
operations also include clearing and cultivation of weeds. Because 
of sandy soils, the land is easily cultivated with push hoes and 
individuals can therefore cultivate big areas. 
Where water supplies and transport facilities are available 
there is excessive overcultivation as in the "Tentality" and along 
the rail line. The dangers of this kind of cultivation are 
primarily from changes in physical condition of soil and losses 
in its fertility. After the soil is depleted, the cultivators move 
to another field or "baltat". 
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The dominant plant in the old field is Calatropis procera, 
"Ushar", which is unpalatable for all kinds of livestock. 
Elimination of the cultivation in this area is highly recommended. 
The future development of rangeland will be dependent on this 
consideration. 
Fire prevention and control 
Hay making and silage production are quite out of the question 
for semi-desert areas. But, the conservation of range forage for 
use during the dry season is easily practiced merely by fire 
prevention. In the dry-season, grazing areas of semi-desert Sudan, 
the bulk of the forage grasses are dominated by annuals, so that 
burning represents a loss of potential dry season grazing. There is 
no regrowth of annuals after burning. 
The main method of fire prevention and the only completely 
successful method is by greater alertness on the part of the people 
themselves coupled with determination to stop fires. Therefore, 
now under consideration is the establishment of an extension section 
in the Range Management Department to better inform the nomads 
about the disadvantages and advantages of fires (Harique). 
Short of fire prevention, fire control must continue to be 
practiced. The most suitable type of fire line is two narrow strips 
of cleared ground. Both sides are cleared of grass and then the 
center piece is burned out under careful control (Fig. 9). The 
width of the center piece usually is different from one area to 
another depending on the vegetation type and condition. In Kosti 
district it has been found that 30-50 feet is most suitable for the 
center piece. 
Figure 9. 
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fire line construction: the plowing 
and burning method (below). 
One of the methods used successfully in this area is a small 
angled bulldozer scraper blade set to scrape off the top inch 
of soil and all grass. Mowing machines have also been used in 
small areas. In sunnnary, the conservation of rangeland against 
seasonal fire outbreak is extremely important and its continuance 
is strongly recommended for this area. 
Rangeland of the Southern Gezira or Blue Nile Country 
The rangelands of southern Gezira have been exposed recently 
to extensive mechanized crop production. The impact of such 
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development has had a multifold nature on the grazing and migratory 
movements of nomads. However, conditions such as this will bring 
great challenges to land-use planners and users of agricultural 
resources. At this stage it is difficult to form an idea as to 
the shape or pattern and magnitude of the area under crop production. 
The major danger here is that all the areas, even unsuitable ones, 
run the risk of being placed under the plough. 
Blue Nile nomads practices and 
adjustments 
A basic feature of all nomads in the Blue Nile area is to use 
the natural resources without any contribution for its improvement 
or perpetuation. They seem to give little attention to grazing 
resource improvement and perpetuation, and do not realize the long-
run effects of their grazing patterns. By contrast, however, they 
seem to be highly aware of the benefits of improving their livestock. 
/ 
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Various adjustments are necessary in order to evade the elements 
of risk and uncertainty which normally reach a high maximum under 
nomadic existance. The first and most important one and the one 
which distinguishes nomadic occupation from the remainder of human 
occupation is the adjustment through wadering. The advantage of 
using a vast area which provides resources for year-round use is 
obvious. The second adjustment is made by keeping the maximum of 
animals which a nomad can own under conditions where hardiness and 
not yield is essential. The third adjustment is through the 
willingness to accept a communal way of living where no investments 
in land is possible and where the benefits and burdens are commonly 
shared. 
Livestock and grazing improvement as an aid 
to development and complete settlement 
Planning is pre-requisite to settlement. Today range managers 
in Sudan are faced with the great desire on the part of the 
Government to settle nomadic tribes and to upgrade their economy 
from a nomadic subsistence level to that of organized farming or 
to rural industrialization. 
Important techniques and findings which do not reconcile 
with our environmental and culture practices should be modified 
or excluded and replaced by others which are in accord with our 
own everyday experience and findings. 
Livestock improvement and disease control. Mass irmnunization 
against major diseases has been going on for 13 years in some areas of 
the Blue Nile province. Diseases are gradually being brought under 
control. 
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Improved animals suitable to the harsh conditions of the Blue 
Nile province will not be available for years to come. Breeding 
programs that have been developed at research stations in "Uunn 
Benein" and "Nesheishiba" in Blue Nile Province are still in their 
infancy and they have a long and hard way to go before providing 
the kinds of animals needed. It is disappointing to see that 
satisfaction with the present qualities of our sheep, goats, and 
camels has stood in the way of any breeding or feeding research 
on them. The need for improving the quality of sheep, goats and 
camels is strongly felt. 
Integration of livestock in irrigated areas and mechanized 
farming. As we mentioned before in the area of South Butana, 
the integration of animal husbandry and crop husbandry in this 
area will be needed. In the irrigated areas, replanning of the 
present rotation and the incorporation of the surrounding unirrigated 
land will bring great benefit for both land and animals. 
In the mechanized crop production plan, the integration of 
livestock farms that can utilize the grass fallows and aftermath 
will lead to partial settlement of nomads and balance systems of 
farming. 
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SUMMARY AND CONCLUSIONS 
The Gezira Scheme, the major agricultural crop production 
area in Sudan, has long been recognized as an extremely important 
factor in the nation's economy. However, it is essential to point 
out that mistakes have been made in design and management of programs 
and results of these mistakes are now felt concerning segregation 
between animal husbandry and crop husbandry. These mistakes are 
now being realized and reflected in the most serious situations of 
malnutrition and exclusion of the nomadic animals from the Scheme. 
The main objectives of this report are to illustrate the 
possibilities for diversification of farming and integration of animal 
husbandry and crop husbandry and to show needs and potentials for 
improvement and management of the rangeland in adjacent areas. 
Recommendations for improvement of the forage production in the 
Scheme are as follows: 
1. Introduce forage into the crop rotation. The obj ec ti.ve of 
this introduction is to in rease forage production in the 
Scheme. It has been suggested to introduce new forage 
crops such as cowpea (Vigna unguilata), clitoria (Clitoria 
ternata) and Sudangrass (Sorghum sudaneses). Sowing of 
phillipsera (Phaseolus trilobus) and lubia (Dalichus lablab) 
in the fallow stage are major methods to increase forage 
production. 
2. Utilizing the uncultivatable land. To implement this 
recoIInnendation the following steps are believed necessary: 
(a) Vegetation ecology survey and forage inventories 
for all arable land in the Scheme. 
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(b) Reseeding of barren areas and followed by management. 
3. Utilization of the stubbles of such crops as cotton, sorghum 
and peanut haulms. 
4. Utilization of the surplus water for growing forage crops 
in the Scheme. 
Range improvement, management and 
conservation for adjacent rangeland 
The following basic inventory data is viewed as essential for 
management of the Butana area: 
1. Knowledge of the principal kind of plants and plant 
communities of the range vegetation. 
2. Determination of the different rangeland types. 
3. The determination of current conditions and trends. 
Conservation against seasonal fires is also viewed as an 
important aspect. Fires are not as great a menace here as elsewhere 
for instance, in Bagarra Country, and it is thought that they could 
be stopped by gre .ater vigilence and by employing fire guards without 
recourse to expensive fire lining. 
Integration of livestock in mechanized 
crop production scheme in the Gedarif-
South Butana area 
The Butana which is one of our best areas adapted to sheep 
is utilized on a subsistance level and will continue to be so long 
as it is protected from the extension of mechanized schemes, It 
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is time that the current development of mechanized crop 
schemes should urge those who are working in the field of land 
use, and natural resources conservation to consider the impact of 
such development on Butana natural resources and grazing resources 
in particular. 
Rangeland-Western Gezira 
Range deterioriation occurs first around the water supplies 
as a result of overcrowding and animal distribution. To achieve 
full grazing and utilization of rangeland will require primary 
hydrological and range surveys. Winter supplies can be the most 
accurate tools in opening new grazing areas, controlling animal 
numbers and application of the grazing system. 
Control the shifting cultivation on rangelands. Development 
of rangeland in Western Gezira will also depend on how far we can 
control shifting and short-term cultivation of rangelands. 
A system of rotation grazing in extensively cultivated areas such 
as Tentalty and Meganus could be helpful in controlling cultivation. 
Fire control. Fire lines are still being used temporarily and 
were made to suit certain parts of the region. Unless the fire line 
problems are solved and implications are understood and more 
financial support is given for its immediate solution, other improve-
ments in livestock production and water development are not justifiable. 
Rangeland-Southern Gezira 
.!!_lue Nile practices and adjustments. The rainfall of the region, 
especially in the south is more intense (400-600 mm) and more reliable 
than that found in semi-desert areas. This makes it possible for 
animal owners to follow fairly regular routes across the region 
in their annual migration. 
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The nomads of the Gezira have no need of an organization such 
as that which has grown up in the west in order to dispose of their 
animals. Their market, the wealthiest in the country, is at their 
doorstep, both in the towns, particularly the capitals, Omdurman 
and Wad Medani. 
Livestock and grazing improvement as a method of developing 
and completing settlement. To upgrade the nomadic economy from 
nomadic subsistence level to that of organized farming will require 
the settlement of the nomads through livestock and grazing improvement. 
Livestock improvement and disease control. Numerous reports 
have indicated that Sudan passed from the livestock conservation 
phase to the production phase and now it is time that the 
quantitative stage should be started. However, the progress in 
animal diseases control will convince the livestock owners and 
commercial enterprises to accept the principles of investing their 
money and efforts in an improved type of livestock with adoption 
of modern practices of animal husbandry, grazing improvement and 
processing of livestock products for profit marketing and maximizing 
income, and the general welfare of the Sudan. 
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